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Abstract 
This study describes the implementation of accurate and fully coupled physics models leading to investigate Surface Acoustic Wave (SAW) 
devices sensitivity to an extern applied magnetic field. The model was firstly validated using experimental published data of SAW resonator 
based on Quartz substrate and Nickel Interdigital Transducers (IDT). Original layered structures, Ni/ZnO/IDT/LiNbO3 and Ni/Al2O3/IDT/LiNbO3 
were then investigated and optimized to enhance their sensitivity to magnetic field intensity. Results show that Ni/Al2O3/IDT/LiNbO3 exhibits a 
sensitivity of  10 ppm/mT, 14 times higher than the structure with ZnO one. 
© 2014 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the scientific committee of Eurosensors 2014.  
Keywords: SAW, SAW devices,Sensor,Piezo-Magnetic SAW sensor,FEM; 
1. Introduction 
    Surface acoustic wave devices (SAW) have a major interest in sensor applications due to their sensitivity, small 
size, packageless structures [1,4]. Their use as passive and wireless sensors allows them to operate in rotating part or  
in extreme conditions such as high temperatures or radioactive environments (up to 1000°C ) in which no other 
wireless sensor can operate [2,3].  So practical SAW sensor systems have been reported such as the temperature [5], 
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chemical and pressure sensors [6]. The recent development of technologies has enabled the elaboration of piezo-
magnetic sensors by combining magnetic and piezoelectric materials [7,8]. Magnetic SAW devices such as a SAW 
delay line composed of TbCo2/ FeCo/Y-cut LiNbO3 [8] and SAW resonator composed of Ni electrodes /Quartz [7] 
were reported. However more efforts need to be done to increase the sensitivity versus magnetic fields of such 
structures. 
   Systematic fabrication, test and extraction of SAW sensors performances are time consuming mainly when a 
layered structures are considered and when the sensitivity to external parameters is investigated. Thus, accurate 
simulation models are required to design an optimum piezo-magnetic SAW sensors based on resonators or delay 
lines. For such devices, the finite element analysis is a performing and a practice tool. Thanks to the easy way of 
analyzing complicated geometries, particularly the Finite Element Method (FEM), has proved to be an excellent 
numerical method to derive optimized geometries. In our study, a one half period of the infinite structure have been 
computed with the application of inverted periodical boundary conditions, which allows the study of all structure 
geometry [9]. But if extremely precise data are demanded, FEM will suffer from immense computational expense. 
This work presents an accurate and full model leading to investigate SAW devices sensitivity to an external applied 
magnetic field. Accordable SAW resonator is then achieved, thus the operating frequency is magnetic field 
dependent.  
2. Model validation  
    A theoretical study was investigated using a 2D-FEM based on COMSOL Multiphysics software. In 
magnetostrictive thin film, a coupling between AC/DC module and structural mechanics modules was implemented 
by adding appropriate terms to the subdomain variables for strain and magnetic field.  The coupled equations for the 
mechanical and magnetic systems allowing the determination of the dependence between elastic constants and the 
applied magnetic field are detailed in reference [10]. To confirm piezomagnetic coupling used in our model, an IDT-
Ni/Quartz SAW (Fig. 1) resonator was studied in first step.  
 
Fig. 1. Schematic view of Ni-IDT/Quartz structure. 
 
   Sensitive element is consisting on IDT made from Nickel. Variation of resonance frequency was investigated 
versus magnetic field intensity and direction and compared to experimental results published by Kadota et al. [7]. 
Both variation of center frequency (Fig. 2-a) and quality factor (Fig. 2-b) versus external magnetic field intensity 
and direction were calculated. The obtained results are very consistent with experimental ones confirming thus the 
validity of our model [7]. Note that in our case, and due to the 2 Dimension of the model used, only two directions 
of the magnetic field were considered (X and Y). The building of a 3D model to fully consider the comparison with 
experimental device is in progress.   
  
Fig. 2. Calculated relative variation of frequency (a) and Quality factor (b) with magnetic field intensity of layered piezo-magnetic sensor  
Ni-IDT/Quartz. 
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3. Results 
    Once the model validated by comparison with known results, we then extend the use of this model to original 
structures in order to enhance the sensor sensitivity. A delay line consisting of Ni/ZnO/IDT/LiNbO3 layered 
structure was considered (Fig. 3-a). IDT was made on aluminum and its spatial period (wavelength) was fixed to 
24μm. The thicknesses of the sensitive layer (Ni) and insulator one (ZnO) were optimized regarding the SAW 
sensor sensitivity to magnetic field (Fig. 3-b). Based on this optimization, the thicknesses of Ni and ZnO films were 
fixed respectively to 200 nm and 250 nm. 
        
 
 
Fig. 3.  Schematic view of Ni/ZnO/IDT/LiNbO3 structure (a) and optimization of Ni and ZnO thicknesses (b). 
 
    S21 frequency response of the optimized structure was calculated in different steps of device modeling: 
(IDT/LiNbO3), (ZnO/IDT/LiNbO3), and (Ni/ZnO/IDT/ LiNbO3). As one can observe, the Insertion Losses (IL) of 
the device are slightly affected by the deposition of ZnO and Ni layers. These losses are due to propagation losses 
and variation of electromechanical coupling coefficient (K2). To quantify the contribution of K2, this parameter was 
also calculated at different steps. Table 1, summarize the calculated values of K2, IL and center frequency.  
Table 1. Calculated Electro-mechanical, Insertion Loss coefficient and Center frequency values for considered structures. 
Structure K2 (%)     calculated IL (dB)           Center frequency (MHz)  
IDT/ LiNbO3 4.9    -10    173.2 MHz 
ZnO/IDT/ LiNbO3 5.2      -9           172    MHz 
NI/ZnO/IDT/ LiNbO3 3.5   -11.4    170.5 MHz 
 
 
 
Fig. 4.  Calculated S21 frequency response of Ni/ZnO/IDT/LiNbO3, ZnO/IDT/ LiNbO3 and IDT/ LiNbO3 layered structures. 
 
(a) 
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   The Ni/ZnO/IDT/LiNbO3 delay line structure shows a sensitivity of 0.69ppm/mT when the direction of applied 
magnetic field is parallel to the direction of acoustic wave propagation, the same of magnetic easy axis of nickel. 
This sensitivity is almost zero when the field direction is perpendicular to easy axis. The obtained sensitivity still 
very limited and could be enhanced by using more sensitive layer such as (TbCo2/FeCo). Note that we can also 
enhance the sensitivity of the SAW sensor by confining the acoustic wave in the sensitive layer. To do this, we have 
considered another insulator layer that shows higher acoustic velocity. Al2O3 was then considered instead ZnO and 
just by substituting the ZnO by Al2O3 using similar thickness without optimization, the sensitivity was enhanced by 
a factor 14 using a comparable operating frequency (Fig. 5). That shows that more sensitive sensor is achievable 
thank to various possible strategies: 
x The use of highly sensitive magnetic layer, 
x The use of high velocity insulator layer, 
x Thickness layers optimization, 
x Increase of operating frequency. 
 
 
Fig. 5. Calculated relative variation of frequency with magnetic field intensity of layered piezo-magnetic sensors (Ni/ZnO/IDT/LiNbO3) and 
(Ni/Al2O3/IDT/LiNbO3). 
4. Conclusion 
In summary, we have developed a theoretical model for prediction of piezo-magnetic sensor sensitivity to an 
external applied magnetic field in the same direction of the acoustic wave propagation. This study confirms that the 
realization of high sensitivity magnetic sensor based on layered SAW structure is achievable. Two different 
structures was investigated showing that a suitable choice of properties of considered layer piezoelectric, insulator 
and sensitive is very important for the final performances of the sensor.  
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